Abstract. Pitfall trapping is an approved self-sampling method for capturing epigeal arthropods for ecological and faunistic studies. Capture efficiency of pitfall traps may be affected by external factors and the design of the trap. Pitfall traps set in forests are usually protected with covers or wire grids, but the effect of these constructions on sampling efficiency as well as their practicability and necessity have so far received little attention. During the present study pitfall traps of four different designs (covers, wire grids, litter exclosure, open) were tested in terms of their efficiency in capturing ground-dwelling arthropods (Acari, Araneae, Carabidae, Formicidae, Isopoda, Myriapoda, Opiliones) in order to gain a better understanding of the applicability and reliability of pitfall traps in forests. The study was carried out in an oak-beech forest in Northwest Germany using a total of 40 pitfall traps (ten replicates per trap design). Generalised linear models indicated no significant differences in arthropods counts among catches of pitfall traps of the four different designs, except for woodlice. Ordination analyses (NMDS) and MANOVA revealed no significant differences in spider and carabid beetle species compositions of the catches. In contrast, for both these taxa there were significant differences in the body sizes of the individuals caught. We conclude that the catches of pitfall traps are little affected by their design. Furthermore, the litter layer and litter input have no effect on the capture efficiency and thus there seems to be no need to protect pitfall traps with covers or wire grids in litter rich forest habitats.
INTRODUCTION
Pitfall trapping is an approved self-sampling method for collecting ground-dwelling arthropods in ecological and faunistic studies. Pitfall traps were introduced by Barber (1931) and in general they consist of cups filled with a killing and conserving fluid that are set with the rim of the cup level with the surface of the ground (Balogh, 1958) . So set, these traps can be used to catch and determine the activity densities of surface active arthropods, such as spiders and ground beetles (Tretzel, 1955; Greenslade, 1964; Luff, 1975; Uetz & Unzicker, 1976; Adis, 1979; Curtis, 1980) . Despite several criticisms (e.g. Bombosch, 1962; Topping & Sunderland, 1992) , pitfall traps are widely used as they are easy to handle and inexpensive. In addition, usually high numbers of individuals and species can be caught, making statistical analyses possible (Spence & Niemelä, 1994) .
The capture efficiency of pitfall traps may be influenced by several different factors. For example, Antvogel & Bonn (2001) and Bergeron et al. (2013) analyzed effects of habitat structure (e.g., ground cover, litter, surrounding vegetation) and Saska et al. (2013) the effect of weather conditions. Other studies report the effects of the experimental setup, such as material, size, number and position of traps (Luff, 1975; Adis, 1979; Waage, 1985; Brennan et al., 1999; Work et al., 2002) , trap type and colour (Spence & Niemelä, 1994; Lemieux & Lindgren, 1999; Buchholz et al., 2010; Knapp & Růžicka, 2012) and different killing and conserving fluids on the catches (Pékar, 2002; Schmidt et al., 2006; Jud & SchmidtEntling, 2008; Knapp & Růžicka, 2012) .
Especially in forests and habitats with abundant litter, field workers often cover pitfall traps to protect them from precipitation, accumulation of leaves or dilution of the conserving solution (e.g., Spence & Niemelä, 1994; Mallis & Hurd, 2005; Schuldt et al., 2008) . Moreover, wire grids are often used to keep small vertebrates out. To date, the effect of these constructions on sampling efficiency as well as their practicability and necessity have received little attention except for Buchholz & Hannig's (2009) study, which determined the effect of covers in open and dry grasslands where there is little litter. However, the effect of covering pitfall traps might be quite different in other habitats, such as forests, where falling leaves may affect uncovered pitfall traps more than covered traps. Furthermore, while preventing small vertebrates from falling into traps, wire grids may, depending on their mesh size, reduce the catch ability of, e.g., longlegged spiders and large-bodied carabid beetles. Finally, little is known about the potential effect of the structure of litter, for example, the amount of litter cover and its thickness, on trapping. In this context, it is arguable to what extent covers as well as wire grids operate as an effective protection against litter. The present study aims to determine whether the design of pitfall traps affects the numbers of epigeal arthropods caught in habitats with abundant litter by addressing the following questions:
(i) Do we need to protect pitfall traps with covers and wire grids, respectively, in order to obtain the best possible catches in habitats with abundant litter?
(ii) Is the species composition and functional characteristics of the individuals caught by pitfall traps (in the case of carabid beetles and spiders) affected by the design of the traps?
(iii) Does the structure of the litter layer affect the capture efficiency of pitfall traps?
MATERIAL AND METHODS
The study was carried out in an oak-beech forest (FagoQuercetum -vegetation structure: mean vegetation coverage = 5%, height of herbaceous plant layer = 6 cm, litter coverage = 95%, depth of litter = 3 cm) near the city of Münster (51°54´37N, 7°44´44E) in North Rhine-Westphalia, Germany. The climate is Sub-Atlantic with a mean annual temperature of 7.9°C and an average annual precipitation of 758 mm (MURL NRW, 1989) . The area ("Wolbecker Tiergarten") is one of the oldest forest stands in the region (stand age: ~800 years) and covers an area of nearly 300 ha (Lanuv, 2010) . Characteristic elements are deciduous trees (~85%) and a high quantity of dead wood (mean percentage for the study area: 10%).
To record the activity densities of ground-dwelling arthropods, pitfall traps were set from 20 June to 7 July 2009 (16 sampling days). The traps (plastic cup, diameter: 8.5 cm, height: 12 cm) were filled up to one third with a formalin solution (3%) and a few drops of detergent to kill and conserve the animals. Traps were set randomly (but > 5 m apart from each other) and level with the surface of the soil. In order to investigate the effect of covers and wire grids, ten pitfalls were covered with white, square plastic covers (14 × 14 cm) 3 cm above the trap opening and ten traps were covered by a wire grid (mesh size: 3.5 cm) (Fig. 1) . Furthermore, ten pitfall traps remained open and were thus entirely exposed to the entry of litter. Finally, to test for the possible effects of the litter layer we installed litter exclosures (mesh size: 3.5 cm, height: 30 cm, width: 5 cm around the trap) around ten pitfall traps. Hence, in total there were four treatments with ten replicates of each (altogether 40 traps).
The catches were sorted and preserved in ethanol (75%). For the analyses we counted the numbers of acarians (Acari), spiders (Araneae), ground beetles (Coleoptera: Carabidae), ants (Formicidae), woodlice (Isopoda), millipedes (Myriapoda) and harvestmen (Opiliones). The species of spiders and carabid beetles were determined using standard determination keys of Roberts (1987 Roberts ( , 1998 All statistical analyses were performed using the free software environment R 3.0.1 ( R Development Core Team, 2013) including the packages VEGAN and MASS for multivariate statistics. In order to detect possible differences in total catches of ground-dwelling arthropods (Acari, Araneae, Carabidae, Formicidae, Isopoda, Myriapoda, Opiliones) as well as in numbers of species of carabid beetles and spiders caught by the four types of traps (explanatory variables: wire grid, cover, litter exclosure, open), generalised linear models (GLM) were used. To compensate for over-dispersion, the standard errors were corrected using a quasi-Poisson model (Crawley, 2008; Zuur et al., 2009 ). Furthermore, the significance of differences in the body sizes of spiders and carabid beetles was tested using generalised linear models (GLM) using a Gamma distribution.
A non-metric multidimensional scaling (NMDS) (isoMDS engine) was used to display the species composition for spiders and carabid beetles caught by the four traps. For ordination, species activity densities were square root transformed. The NMDS was based on the Bray-Curtis dissimilarity matrix. In search of a stable solution and the lowest stress value, a maximum number of 100 random starts was used. In addition, a multivariate analysis of variance (MANOVA, 9,999 permutations; ADONIS function in VEGAN) was performed to assess the effect of the treatments on species composition. For all multivariate statistics, sporadic species with less than three individuals in the total catch were excluded. This resulted in 14 species of spiders (1,621 individuals) and 12 species of carabid beetles (781 individuals) being included in the ordination analysis.
RESULTS
A total of 1,656 Araneae belonging to 37 species, 820 Isopoda, 793 Carabidae belonging to 19 species, 245 Myriapoda, 119 Opiliones, 68 Formicidae and 39 Acari were recorded. We found no significant differences in capture efficiencies of the four traps except for the order Isopoda (Table 1) . For this taxon the highest catches were recorded in the covered traps. More species of spiders and ground beetles were caught by the traps within "litter exclosures" (Appendix 1), but the differences were not significant (Table 2 ). In contrast, for both these taxa significant differences in body size were detected in the catches by the four types of trap (Araneae: F = 4.59, P = 0.008; Carabidae: F = 3.79, P = 0.02), with the largest spiders and carabid beetles more frequently recorded in covered traps.
Ordination analyses did not show any significant effect of the different traps on the species composition ( Fig. 2) : neither the distribution of spiders (F = 1.30, R² = 0.10, P = 0.21) nor the distribution of carabid beetles (F = 1.19, R² = 0.10, P = 0.28) showed significant differences among treatments (MANOVA).
DISCUSSION
Apart from Isopoda, our results indicate that the four types of traps did not differ significantly in the numbers of arthropods caught. In general, woodlice occur mostly in moist and dark habitats such as holes in dead wood, loose litter and under stones (Abbott, 1918) . For this reason, Isopoda might be attracted by dark holes beneath covers.
Differences in terms of the numbers of individuals with particular functional traits were found with large species 71 0.87 0.24 3.8 ± 1.7 3.1 ± 1.5 2.7 ± 0.9 2.3 ± 1.0 Opiliones 0.77 0.38 5.5 ± 1.8 5.6 ± 2.9 8.5 ± 3. more frequently recorded in the catches of covered traps. One reason might be that most large species of spiders and carabid beetles are night active and thus seek shelter during the day (Turin, 2000; Nentwig et al., 2013) . As large species need large cavities in which to shelter (such as under stones, stems or pieces of deadwood) the covers over the pitfall trap were possibly attractive refuges for them and as a consequence these traps caught higher numbers of large than small species, which tend to stay in the litter layer (Wagner et al., 2003) .
There is a vertical stratification in the distribution of ground-dwelling spiders in litter, which is attributed to microhabitat conditions, mainly abiotic factors (Wagner et al., 2003) . Due to lower spatial resistance there, large spiders (such as free hunting Agelenidae and Lycosidae) preferentially occur in the spacious, upper litter layer or on the litter surface, while small-bodied species more frequently occur in the compacted, middle and lower litter layers. The same is reported for carabid beetles by Sergeeva (1994) . Consequently, the probability of trapping large-bodied species may be higher since pitfall traps mostly catch surface-active species while litter-dwelling species are mostly unrepresented.
Finally, Topping (1993) points out that small-bodied spiders, e.g. those belonging to the family Linyphiidae, can escape from pitfall traps more easily and thus relatively few are caught. The same applies to carabid beetles, which can avoid traps, as shown by Van der Drift (1951) and Greenslade (1964) .
In terms of the questions we set out to answer, it seems to be unnecessary to protect pitfall traps with covers or wire grids in forests with abundant litter, as the presence of covers or grids did not significantly affect their efficiency in capturing epigeal arthropods. This is partially in accordance with Buchholz & Hannig (2009) , who found no significant effect of pitfall covers in dry grassland habitats. Nevertheless, we recommend the use of wire grids above the trap opening to prevent small vertebrates and debris from entering the traps as this often makes it easier and faster to sort and count the catch.
Furthermore, the type of trap did not significantly affect the species composition of spiders and carabid beetles. One should keep in mind that functional characteristics such as body size (and maybe leg length in spiders) do seem to be affected by pitfall trap design. Finally, the litter layer seems to have only minor direct effects on pitfall traps in forests since they did not catch significantly more arthropods in litter exclosures. 
